The main goal of this study was to enable cultivating St. John's wort not only in Europe and West Asia, but also in Thailand, Southeast Asia despite warmer climate than in the natural growth regions. The challenge then was to control environmental factors with an automatic system. The Internet of Things (IoT) was applied in the sensor devices to control and collect relevant environmental data from the designed greenhouse. Moreover, data analysis by multiple linear regression was applied to enable the control of the designed greenhouse environment. It was used to discover interesting relationships between variables. The proposed system was implemented with hardware, a web application, and a mobile application. The hardware was designed to collect data and implement control of air temperature, air relative humidity, soil moisture, and light from sensors in the field. The web and mobile applications were developed to manipulate the obtained data, for intelligent control, and for real-time monitoring of environmental factors. The control system included an evaporative cooling system, fogging system, irrigation system, and artificial light system. The results show that the proposed system to assist and support the growth of St. John's wort was successful. Moreover, the results from this research can be used to culture St. John's wort, in order to produce medicines that are beneficial to human health in regions with the tropical climate. 
I. INTRODUCTION
St. John's wort (Hypericum perforatum L.) is a perennial herb that is grown in the comparatively cold regions of Europe and West Asia. It has been used in medicine to treat various diseases [1] - [6] , such as mild to moderate depression, inflammation, and to assist in wound healing [7] . Moreover, it potentially has anticancer, antimicrobial and antiviral activities [8] . Due to the valuable medicinal properties, this plant should be cultured more widely, even in the tropical areas. This is the challenge requiring control of the environmental factors affecting growth of St. John's wort. The Internet of Things (IoT) is a modern opportunity in implementing such control.
In the past few years, IoT has begun to play an important role in everyday life [9] , [10] . Applications of IoT have been reported in industry, health, environment, and agriculture [11] - [13] . It supports collecting large amounts of
The associate editor coordinating the review of this article and approving it for publication was Giovanni Pau. data and control of various devices. In the agricultural sector, intelligent greenhouses with controlled environment are becoming popular because IoT can both monitor and control factors that influence plant growth and yield [14] . The data can also be used to determine the appropriate time of harvest, or to detect disease conditions [15] . Regarding cultivation of St. John's wort, it requires suitable environmental factors and weather. In practice no prior implementation using IoT for growing St. John's wort has been reported. Thus, this work applied IoT in the control environmental factors. For model based control, data analysis by Multiple Linear Regression (MLR) was applied to the designed greenhouse environment.
MLR is used to find useful information and to discover interesting relationships between variables in big data. It helps to analyze and build relationships between the characteristics of agricultural data, support scientific decisions, and these can facilitate increasing productivity and efficiency in agricultural production [15] - [17] . This leads to the creation of intelligent farm systems that use information obtained via IoT for farm management, disease control planning, production planning and control of the growth environment within the farm [18] .
Thus, in this work control of a designed greenhouse is accessed via developed web and mobile applications. Moreover, the applications can predict the air temperature in the greenhouse by from IoT networked information. As a case study, St. John's wort was grown in the greenhouse on PSU farm, Prince of Songkla University, Surat Thani Campus, Thailand. The annual average temperature in this region is 33.25 • C [19] . IoT is used to control environmental factors and to collect data on environmental factors in the greenhouse. One factor that affects plant growth is temperature, and it must be in the proper range. At the same time, the changing outside environment affects the temperature inside the greenhouse, so it is necessary to have a temperature prediction to prepare for temperature changes and avoid damage to the plants. This study, therefore, developed a temperature prediction model in the greenhouse from the environmental factors both inside and outside the greenhouse, by using MLR.
This article is organized as follows: Section 2 discusses data background, Section 3 discusses related work, Section 4 presents the proposed system and agricultural data analysis, Section 5 has results and discussion, and finally, Section 6 concludes the article.
II. BACKGROUND A. ST. JOHN'S WORT
St. John's wort (Hypericum perforatum) is a herb native to Europe and Western Asia. St. John's wort has been used already in ancient Greece because of its many medicinal properties, and is used for the treatment of depression, kidney disease, lung disease, Trigeminal neuralgia, inflammation, and wound healing [6] , [20] , [21] . In recent studies, St.John's wort has been reported to outperform other antidepressants, and it may be effective against cancer, as well as antimicrobial and antiviral. There is pharmacological evidence that this plant may have psychotherapeutic activity. There are thorough examinations of GABA binding [22] . In 1998, the market value of St. John's wort exceeded US$ 210 million in the US alone, and was US$ 570 million worldwide [7] . For this reason, many attempts have been made to improve and explore the active ingredients in this plant [6] , [21] . One approach to enhance the efficacy of St. John's wort is to seek the right growth conditions.
The environmental factors affecting the growth and hypericin concentrations in St. John's wort include light intensity, CO 2 concentration, and weather conditions that can alter metabolites and affect concentrations in the leaf tissues significantly. St. John's wort has been grown in a controlled environment with artificial light, CO 2 , temperature, air humidity, soil moisture, and pH in order to increase the hypericin concentration. [7] grew St. John's wort in a laboratory to increase its efficacy with the environmental factors shown in Table1 controlled. The current work applied the reported near optimal values in the designed greenhouse, for the four [7] . most important factors: temperature, air relative humidity, soil moisture, and light.
B. INTERNET OF THINGS (IoT)
In the last two decades, the Internet has been in widespread use with benefits in information perception and in the use of real-time services [25] - [28] . Recently, IoT has become popular as a platform for devices to communicate with each other wirelessly [13] . This modern technology provides cost-effective opportunities in tracking and controlling the environmental variables in agriculture.
The IoT is an appropriate choice for communicating data between devices in a large area continuously, for monitoring or control [13] , [15] , [29] - [31] . IoT can be used at various levels of agricultural applications. Environmental monitoring stations can help evaluate fieldwork conditions, such as atmospheric conditions, soil moisture, temperature, air humidity, light, and plant growth. A Wireless Sensor Network (WSN) will then receive data from the sensors and send the data for processing to a server or data center [17] . The IoT enables continuous communication via WSN and can provide access to data stored over the Internet [33] . The architecture can be divided into four layers as follows: (i) physical service, (ii) communications, (iii) services, and (iv) applications. This is the architecture implemented in the current study.
C. MULTIPLE LINEAR REGRESSION
Multiple Linear Regression (MLR) is among the most widely used methods for analyzing multi-factor effects. It is a statistical technique for assessing and modeling the relationships between multiple variables. An MLR model does not necessarily indicate causal relations, but only provides an estimate of possible relationships between variables [23] . In an MLR model these relationships are linear, describing dependent variables in terms of the independent variables [24] . The dependent variable is sometimes called the predicted or response variable, and the independent variables are predictors. The models relating the dependent variables to the independent variables are of the type shown in Equation. 1,
where y is the outcome variable, x j are the input variables, for j = 1, 2, . . . , p − 1 β 0 is the value of y when each x j equals zero, β j is the change in y based on a unit change in x j for j = 1, 2, . . . , p − 1, and VOLUME 7, 2019 is a random error term needed to correct the linear model output to match a particular observed value y.
The model fit system has n equations that can be expressed in a matrix notation as Y = xβ + , where Y is a (n × 1) vector of the dependent variable or response, X is a (n × (p + 1)) matrix of the levels of the p independent variables, β is a ((p + 1) × 1) vector of the regression coefficients, and is a (n × 1) vector of random errors. We apply MLR in data analysis of accumulated IoT information.
III. RELATED WORK
This section describes the use of IoT in agriculture for system management. In recent years, there have been many studies on the technological control of environment, by applying IoT and WSN in agriculture to influence plant growth for improved efficiency [17] , [32] - [35] . Hashim et al. (2015) reviewed control with an electronic device (Arduino) of temperature and soil moisture, using Android-based smartphone applications to provide flexibility and functionality. They found low cost and flexibility from avoiding expensive components such as high-end personal computers [36] . Li et al. (2013) presented an information system for agriculture based on IoT, which used a distributed architecture [37] . Their system can manipulate business data from agricultural production. The tracking and tracing of the whole agricultural production process were implemented with distributed IoT servers. Medela et al. (2013) applied IoT in the agro-industrial production chain of grapes for wineries. The authors applied IoT to track the evolution [13] . Fourati et al. (2014) proposed a web-based decision support system communicating via WSN for irrigation scheduling in olive fields [38] . For this purpose, they used sensors to measure humidity, solar radiation, temperature, and rain. Kaewmard and Saiyod (2014) provided a long-term sustainable solution for the automation of agriculture, monitoring vegetable crops and their environment [39] . The authors developed a portable measurement technology including soil moisture sensor, air humidity sensor, and air temperature sensors. Ruan and Shi (2016) presented an IoT framework to assess the freshness of fruit in e-commerce deliveries, which faces unique challenges in transportation due to perishability and expensive logistics [40] .
To make use of sensor data, many studies have attempted to turn such data into useful information and knowledge, as surveyed in [16] . Chen et al. (2014) proposed systems for monitoring multi-layer soil temperature and moisture in a farmland field using WSN to improve the water utilization and to collect basic data for research on soil water infiltration variations, and for intelligent precision irrigation [27] . Muangprathub et al. (2019) proposed developing a system for optimal watering of agricultural crops based on a wireless sensor network [17] , by designing a control system using node sensors in the crop field with data management via smartphone and a web application. They applied data mining to analyze the data for predicting suitable temperature, humidity, and soil moisture for optimal management of the crops. The results demonstrate that the implementation was useful in agriculture. The moisture content of the soil was maintained appropriately for vegetable growth, reducing costs and increasing agricultural productivity.
Castaneda et al. (2017) have designed and implemented intelligent frost control in greenhouses of central Mexico, based on measured outside air temperature, relative humidity, air velocity, wind flux, solar radiation, and relative humidity inside, as the input variables [41] . The model output was predicted temperature inside the greenhouse. IoT with WSN was applied to sensors both inside and outside the greenhouse. The two analytical models used were Autoregressive models with external input (ARX) and Artificial Neural Networks (ANN). The coefficient of determination (R 2 ), the percent standard error of the prediction (%SEP) and the mean absolute percentage error (MAPE) were used to compare the errors and prediction abilities of the ARX and ANN models. Ding et al. (2018) developed an intelligent system to monitor, control and predict the growth of Dendrobium candidum (D.candidum) [29] . They used Siemens S7-200CPU224 Programmable Logic Controller (PLC) and Supervisory Control and Data Acquisition (SCADA) system. The SCADA was used for real time control of temperature, air humidity, soil moisture, carbon dioxide concentration, and light intensity in the artificial environment of D.candidum. The system included various sensors, the PLC controller, a host computer and other hardware devices. It used an RS-485 bus to transfer data and to control the environmental factors through a realtime dynamic PLC. They used a multilayer feed-forward back-propagation (BP) neural network model. Tripathy et al. (2014) have developed a surveillance system to prevent the outbreak of Leaf Spot (LS) disease in peanuts [15] . WSN was used to monitor the outbreak potential of LS, based on real-time weather data on temperature, moisture, and leaf moisture, from a Zigbee wireless sensor network distributed in the plots. Data mining of climate data provided knowledge, relationships, useful trends, and relationships, relating weather, environment, and the disease occurrences. Multivariate Regression (MVR) was used. The models were validated with ground-based surveillance data as beneficial to crop yield. Yu et al. (2016) proposed a model to predict temperature in a greenhouse using IPSO-LSSVM method [30] . The IPSO-LSSVM model combines two methods, the least squares vector and the particle swarm optimization, to use real-time temperature data from weather stations in the Chinese solar greenhouse. The model was more accurate than standard SVM and BP methods, and it can forecast 6 hours forward. Farmers control the temperature to prevent damage from excessively high temperatures. Ramesh et al. (2014) applied WSN to monitoring geographic areas in real time (remote and hostile) [31] . The system was deployed in Idukki, a district in the Southwestern region of Kerala State, India, a highly landslide prone area. The system collects large amounts of sensor data related to rainfall, air humidity, pressure, and pore motion, as well as geological, hydrological, and soil characteristics. This network provides real-time data over the Internet, and an innovative three level landslide warning system was developed for these data (Early, Intermediate and Imminent). Over the past three years, a large amount of information has been collected to better understand the landslide situation and to warn about expected landslides. This technical approach enabled a low-cost system with wide areal coverage.
IV. MATERIALS AND METHODS

A. GREENHOUSE DESIGN AND CONSTRUCTION
To control the key environmental factors affecting growth of St. John's wort, the greenhouse design had to support climate control. The four main factors to control were air temperature, air relative humidity, soil moisture, and light. The design is illustrated in Figure 1 . The greenhouse is a closed system of 400 × 400 × 250 (length × width × height: cm) size, using a steel pipe frame covered with plastic. However, the weather in Southern of Thailand is mostly hot with a high level of sunlight. To reduce the sunlight and temperature inside the greenhouse, a shading net was used along with 4 controlled systems: evaporative cooling, fogging, irrigation, and artificial light.
The evaporative cooling system was designed to maintain temperatures below the outside ambient temperature. It consists of a cooling pad and a ventilation fan. The cooling pad of 300 × 180 × 10 (width × height × thickness: cm) size has a water pump with (220 V, 50 Hz, 60 W). Two big ventilation fans (220 V, 50 Hz, 145 W), and two small ventilation fans (220 V, 50 Hz, 28 W), are used to reduce temperature and increase humidity in the greenhouse. The big ventilation fans will be stopped when the temperature is below the target, while the small ventilation fans are on all the time to ensure ventilation. However, the evaporative cooling system is not sufficient for temperature control. A fogging system for direct evaporative cooling was adopted to complement it. This can be operated to maintain uniform temperature and humidity with (water pump size Dc 12 V, 60 W, 5 Amp, pressure 8 bar). There are 10 high-pressure fog nozzles (diameter 0.3 mm), arranged for 65 cm distances. The irrigation system controls the amounts of water to plants. The designed system drips water onto the soil at 100 mL:min amount through each of 110 nozzles (solenoid valve size 1/2 inches, 24 V to control water flow). The final system for artificial light uses 6 LED tubes to increase the light intensity in the greenhouse, arranged as shown in Figure 2 . 
B. SYSTEM DESIGN
At present, farm management can be managed and controlled via a mobile-based application that works via the Internet as a web-based application or a mobile-based application. Smart farms use IoT for measuring, storing, and controlling environmental factors via the Internet in real time. Thus, this work aimed to design and develop systems for feedback control using sensors in the field and data management, with the user interface in mobile-based and web-based applications. The system architecture has 3 main parts: physical layer, communication layer, and application layer, as shown in Figure 3 .
The physical layer in Figure 3 has two main functions: storage of measurement data from sensors, and control of environment in the greenhouse.The first function involves environmental data acquisition from sensors. These are temperature, air relative humidity, soil moisture, and light sensor, arranged as shown in Figure 2 . The environment control function is activated by the user through the application. The designed control system, described in subsection 4.1, will be turned on or turned off. The data were collected and controlled using Arduino UNO as the main processor to manage and control the physical layer.
In the communication layer in Figure 3 , the data from the sensors will be communicated and collect into a server by using the Node MCU ESP8266 as interface to the Internet with router (3G/4G), and communicates with the server through WNS. The WSN has stations and sub-stations, namely measurement stations (function to measure and store data in the physical layer) and control stations (function to control environment in the physical layer). The stations communicate wirelessly only.
The application layer in Figure 3 receives the gathered sensor data into a database, and uses web and mobile applications to monitor and control the greenhouse. The data can used to predict the temperature. Users can manage and view the data with the developed web application, while they can control the system via the mobile application. 
C. IMPLEMENTATION
The system was implemented in hardware and software. The hardware design in the physical layer applied IoT devices to adjust environmental factors affecting growth of St. John's wort. The control boxes housed electronic devices in a waterproof box, shown in Figure 4 . The control boxes can be used anywhere inside the greenhouse, to provide the two main functions: store measurement data from sensors, and control environment in the greenhouse. Moreover, some sensors were installed outside the greenhouse to measure ambient environmental factors. In this research, we applied IoTs with SHT-21 sensor, BH-1750 light sensor, and soil moisture sensor to connect with the control box. The details of the sensors are shown in Table 2 . The data were collected and stored in a server for use in analysis and control, as illustrated in the flowchart of Figure 5 .
In software design, the interface between the system and the user constituted both web and mobile applications. The mobile application was developed to monitor and notify the user of changes in environmental factors. The control function was implemented with two alternative modes; automatic and manual. In automatic mode, the system uses collected data to control switching on and off of the control actuators in the greenhouse. It is activated when the environmental factors are in certain ranges set by the user. In manual mode, the user can control switching on and off of the control actuators. Figure 6 shows an example interface of the mobile application to control environment factors.
The web application provides an interface for data management by the user. The user can view air temperature, air relative humidity, soil moisture, and light intensity both inside and outside the greenhouse. Both graphs and tables of the environmental factors can be viewed in the web application. User can export the collected data for future work. Also, the user can control environment factors as with the mobile application. An example interface of the web application is shown in Figure 7 . Moreover, the web application will serve data analysis that is explained in section 4.4. 
1) DATA COLLECTION
This involved both collection and cleaning to ensure quality of the data. Field measurement data tends to be dirty, incomplete and inconsistent, so data collection, data cleansing and data conversion are necessary. Further, data from the IoT field measurements were divided into daytime and night time, analyzed separately.
2) DATA PREPARATION
In this step, data are used to create models and test their accuracies. Data are divided into 2 groups: (i) training data 80% for training of predictive models, and (ii) 20% of the data for model validation.
3) DATA MODELING AND DISCOVERY
At this stage, the data are subjected to machine learning or statistical algorithms. Data modeling was used to find the relationships of the input variables:
We assigned the T i as the outcome variable because it is the main factor affecting the growth of important crops, while the rest of the variables are considered inputs here. Two groups of data separately represented daytime and night time, as mentioned earlier. The MLR was run in R program. The relationships between T i and input variables in daytime data (superscript d) and night time (superscript n) are shown in Equations. 2, 3, respectively.
4) SOLUTION ANALYSIS
The two models above can predict the temperature in the greenhouse. The formula for coefficient of determination R-squared (R 2 ) is shown in Equation. 4.
where: SSE is the sum of square of residuals, SST is the total sum of squares. R-squared (R 2 ) is a statistical measure, namely the proportion of the variance in a dependent variable that is explained by an independent variable (or variables) in a regression model. SSE is the sum of square of residuals.
Residual is the difference between the predicted value and the actual value. SST is the total sum of squares. It is calculated by summing the squares of differences between the actual value and the mean value. Both fitted linear models were satisfactory, Figure 8 , and can be used to predict temperature changes in the greenhouse. The models are used in the greenhouse control system.
V. RESULTS AND DISCUSSION
The proposed system used IoT mediated information from sensors installed both inside and outside the greenhouse. The data management was performed using the web application. The control system will be managed by the human users through web or mobile application. The daily average data summary for a user is demonstrated in Table 3 and Figure 9 .
From Figure 9 , four factors are compared with the average value of each day to show trend of factors for a day. The results show that the factor values inside greenhouse is absolutely better than outside greenhouse. Moreover, we found that each factor has an unstable value in one day.
In this study, the obtained data 33 days were used to analyze for finding the relationship of environmental factors that affect temperature changes in the greenhouse. The collection data for 33 day will be illustrated with detail values showed as Table 4 . The achieved model from data analysis is used to solve high-temperature problems and increase the efficiency of temperature control in the greenhouse. From data modeling and knowledge discovery, we use multiple linear regression to create models that can be used to predict the temperature in the greenhouse. The analysis results created a model that can be used to predict the temperature inside the greenhouse both daytime and night, i.e. Equation. 2 and Equation. 3, respectively. The percentage of accuracy of both models is 88.49 and 71.77, shown in Figure 8 . Models in each model use different environmental factor variables because during the daytime there is temperature control from the evaporative cooling system and fogging system, causing some factors not related to prediction.
The general characteristics of plants grown inside and outside the greenhouse are shown in Figure 10 . For more details of the growth of St. John's wort, we focus on 3 aspects: (i) survival rate, (ii) height, and (iii) amount of leaves. In this experiment, we define the characteristics and care of plants to collect data with abbreviations in x-x-x form where each x is assigned as follows:
The first x: type of fertilizer, which consists of N, 15, or 46, with following meanings: N is without fertilizer. 15 is mean that the plant is fertilized with formula 15-15-15. 46 is mean that the plant is fertilized with formula 46-0-0. The second x: size of young plant, which consists of S, M, or L, for small, medium, and large size, respectively. They are assessed by a farmer for fifty-day-old seedlings of St. John's wort.
The final x: type of measurement, either H or B, where H is for height and B is for amount of leaves.
The St. John's wort was planted 54 trees inside the greenhouse in 9 sets, with each set having 6 plants. Similar experiment was performed outside the greenhouse. We started with 6 plants for each size of young plants. For the past 11 weeks, the growth of St. John's wort is shown in Table 5 . The results show that the plant grows inside the greenhouse better than outside it, consistently by any criterion. Figure 11 illustrates the survival rate aspect. We found that the survival rate of plants inside the greenhouse was higher than outside, from week 4 to week 11. Figures 12 and 13 show the height and amount of leaves of St. John's wort inside and outside the greenhouse, respectively. The results show exponential growth of plants inside the greenhouse with all fertilizer formulas. On the other hand, the plants outside greenhouse grew until about week 4 and then died by about week 7. These growth data on St. John's wort show that the proposed system assists and supports the growth through control of the 4 factors air temperature, air relative humidity, soil moisture, and light. 
VI. CONCLUSION
St. John's wort is a plant that is rich in active ingredients against many diseases, and naturally grows in comparatively cooler regions but not in tropical Thailand. A cultivation experiment at the farm of Prince of Songkla University, Surat Thani Campus, demonstrated a system for control and prediction of temperature in a greenhouse, based on IoT. The greenhouse was designed to levels of the environmental factors that are suitable for growth of St. John's wort. We designed and implemented an intelligent greenhouse feedback control system that uses WSN to collect environmental factor data, stores data, and controls environmental factors in the greenhouse. The control was implemented with evaporative cooling systems, fogging systems, lighting systems, and irrigation systems. These can be user controlled through web and mobile applications that act as a medium for communicating with farmers. Multiple linear regression was used to model observational data, to establish models of temperature in the greenhouse that are needed for feedback control. This work demonstrates the high potential for using IoT to gather large data in the agricultural sector for use in analysis or control to improve yields. In the current case study, while St. John's wort was not viable for ambient culturing, it thrived in the climate controlled greenhouse. 
